Abstract Castleman's disease is a benign lymphoproliferative disorder in which interleukin-6 (IL-6), a pleiotropic proinflammatory cytokine, is thought to play a pathogenetic role. Presented is the case of a 72-year-old man with Castleman's disease who exhibited progressive renal dysfunction with proteinuria. Renal biopsy revealed mesangial hypercellularity and matrix expansion in most glomeruli and peritubular inflammatory cell infiltration. Immunofluorescence studies showed intense deposition of IgG in a granular pattern along the glomerular basement membrane. Histological features were compatible with membranoproliferative glomerulonephritis accompanied by interstitial inflammatory cell infiltration. Immunohistological analysis showed that IL-6 was abundantly expressed by tubular cells and interstitial macrophages, suggesting involvement of IL-6 in the renal injury. As a result of administration of tocilizumab, a humanized anti-IL-6 receptor antibody, the patient experienced clinical and biochemical improvement of Castleman's disease, including marked reduction of proteinuria and stabilization of renal function. These findings suggest the efficacy of tocilizumab against Castleman's disease and its renal complications.
Introduction
Castleman's disease is a lymphoproliferative disorder with benign hyperplastic lymph nodes characterized by follicular hyperplasia and capillary proliferation with endothelial hyperplasia [1] . Histologically, Castleman's disease has been classified into two categories: the hyaline-vascular type and plasma cell type. Patients with plasma cell-type Castleman's disease frequently have systemic manifestations such as fever, anemia, leukocytosis, hypergammaglobulinemia, and hypoalbuminemia [2] . The etiology of Castleman's disease is currently unknown, but interleukin (IL)-6, a pleiotropic proinflammatory cytokine secreted by lymphoid and nonlymphoid cells, is thought to be implicated in its pathogenesis [3] . Large quantities of IL-6 have been demonstrated to be generated from germinal centers of hyperplastic lymph nodes of patients with Castleman's disease. Furthermore, a significant decrease in IL-6 levels has been found after surgical lymph node excision in such patients [4] . In animal models, retroviral transduction of the gene coding for IL-6 has resulted in a syndrome similar to multicentric Castleman's disease, which includes the development of peripheral lymphadenopathy, marked splenomegaly, and diffuse hypergammaglobulinemia [5] . On the basis of these findings, a humanized anti-IL-6 receptor antibody, tocilizumab, has recently been shown to be therapeutically effective for treatment of Castleman's diseases [6] .
Renal complications associated with Castleman's disease are heterogeneous [7, 8] . Histological assessment by El Karoui et al. [8] demonstrated that small-vessel lesions with endotheliosis, glomerular double contours, glomerular/ arteriolar thrombi, and mesangiolysis are observed in most patients with Castleman's disease with renal involvement. Xu et al. [7] recently reported that thrombotic microangiopathy-like lesions are the most common pathological characteristics of Castleman's disease-associated renal injury. Other groups have reported cases of Castleman's disease with mesangial proliferative glomerulonephritis [9] , renal amyloidosis [10] , membranous glomerulonephritis [11] , membranoproliferative glomerulonephritis (MPGN) [12, 13] , crescentic glomerulonephritis [14] , thrombotic microangiopathy [15] , and interstitial nephritis [16] .
Described herein is a case of Castleman's disease with proteinuria and progressive renal dysfunction. Kidney biopsy revealed MPGN accompanied by interstitial nephritis. Tocilizumab treatment improved both clinical and biochemical parameters of Castleman's disease, and led to a reduction of proteinuria and stabilization of renal dysfunction. Immunostaining revealed abundant production of IL-6 in tubular cells and interstitial macrophages. These findings suggest a central role of IL-6 in the development of renal injury found in the present case of Castleman's disease.
Case report
In March 1993, the patient was found to have an elevated white blood cell count and C-reactive protein, polyclonal hypergammaglobulinemia, facial erythema, and swelling of the cervical lymph nodes. Biopsy of facial erythema and lymph nodes showed reactive lymphocytosis with no evidence of monoclonal B-or T-cell populations. Pathological examination was compatible with plasma cell type Castleman's disease. He received no medication because he did not have constitutional symptoms. In April 2004, he was given a diagnosis of diabetes mellitus and was treated with an oral ant-hyperglycemic drug. In May 2006, he was noted to have proteinuria and hematuria. In February 2007, he presented with hypertension and received an angiotensin-converting enzyme inhibitor, angiotensin II receptor blocker, and furosemide.
On admission to our hospital in September 2007, physical examination showed conjunctival anemia, bilateral pedal pitting edema, and nontender bilateral cervical and inguinal lymph nodes. Blood pressure was 165/83 mmHg. Laboratory data included marked anemia (hemoglobin 8.3 g/dl), a normal white blood cell count (5.8 9 10 3 /ll), thrombocytopenia (130 9 10 3 /ll), increased inflammatory indices [C-reactive protein; 2.2 mg/dl, and erythrocyte sedimentation rate; 46 mm/h, and IL-6; 7.1 pg/ ml (normal \5.0 pg/ml)], hypergammaglobulinemia with no monoclonal bands (total protein 8.8 g/dl, IgG 4,260 mg/ dl), hypoalbuminemia (2.6 g/dl), and renal dysfunction [blood urea nitrogen 36 mg/dl, serum creatinine 2.5 mg/dl (221 lmol/l), and creatinine clearance 29 ml/min]. Liver enzymes and electrolytes were normal. Hematuria and proteinuria were 10.6 g/day. Serological tests showed total hemolytic complement activity (CH50) of 9.7 U/ml, C3 of 19.9 mg/dl, C4 of 19.1 mg/dl, and serum amyloid A protein of 46.5 lg/ml (normal \8.0 lg/ml). Antinuclear antibodies, anti-neutrophil cytoplasmic antibodies (ANCA), and anti-glomerular basement membrane (GBM) antibodies were all negative. Hepatitis B surface antigen, hepatitis C antibody, and cryoglobulins were not detected. Chest X-ray and ECG were normal. Computed tomography of the whole body showed cervical, mediastinal, and inguinal multiple lymphadenopathy and several renal cysts in both kidneys.
Open renal biopsy demonstrated mesangial hypercellularity and matrix expansion with a lobular appearance (PAS staining) (Fig. 1a) . GBMs showed segmental double contouring and mesangial interposition (PAM staining). Infiltration of atypical lymphocytes was observed in peritubular capillaries (H&E staining). Mild interstitial fibrosis and tubular atrophy were present (Masson-trichrome staining, data not shown). Congo-red staining revealed no evidence of amyloid deposition. Immunofluorescence showed IgG deposition in a granular pattern along the GBM. There was no staining for IgM, IgA, or C3. Immunostaining was performed as described previously [17] using antibodies as follows: rabbit polyclonal anti-human IL-6 and anti-alpha-smooth muscle actin (SMA) antibodies, mouse monoclonal anti-human CD68 and anti-human CD3 antibodies (Abcam, Cambridge, MA, USA). Production of IL-6 was abundantly observed in tubular cells and interstitial CD68-positive macrophages, but not in alpha-SMA-positive vessels and CD3-positive T-lymphocytes (Fig. 1b) . Electron microscopy was not performed.
In March 2008, since proteinuria and serum creatinine progressively increased, he was treated intravenously with 8 mg/kg tocilizumab every 2 weeks without concomitant immunosuppressive drugs (Fig. 2) . Upon induction of tocilizumab treatment, anemia, hypoalbuminemia, elevation of CRP, and polyclonal gammopathy were improved. Furthermore, proteinuria significantly decreased, and renal dysfunction was stabilized. Consistent with previous report [18] , the IL-6 level was markedly elevated after tocilizumab treatment by a negative feedback mechanism (466 pg/ml, February 2011). At the last available follow-up (July 2011), the serum creatinine level was 4.5 mg/dl (397.8 lmol/l), and the urinary protein-to-creatinine ratio was 1.2 (g/gCr).
Discussion
The etiology of Castleman's disease is currently unknown, but IL-6 is thought to be implicated in its pathogenesis [3] .
Large quantities of IL-6 have been demonstrated to be generated from hyperplastic lymph nodes of patients with Castleman's disease. Furthermore, a significant decrease in IL-6 levels has been found after surgical lymph node excision in these patients [4] . In animal models, retroviral transduction of the IL-6 gene has resulted in a syndrome similar to Castleman's disease that presents with peripheral lymphadenopathy, marked splenomegaly, and diffuse hypergammaglobulinemia [5] . IL-6 is also involved in various renal diseases. IL-6, an autocrine growth factor for mesangial cells [19] , has been reported to be involved in mesangial proliferative glomerulonephritis [20] . IL-6 transgenic mice have been shown to develop a syndrome similar to Castleman's disease with mesangial proliferative glomerulonephritis [21] . Constitutive expression of IL-6 in the liver resulted in the development of membranous glomerulonephritis, focal glomerulosclerosis, and extensive tubular damage [22] . In contrast, IL-6-deficient mice were resistant to acute kidney injury induced by HgCl 2 [23] or ischemia [24] compared with wild-type mice. These data suggest that overproduction of IL-6 contributes to development of renal complications in Castleman's disease. Consistent with this idea, treatments for Castleman's disease, such as surgical excision of localized Castleman's disease, combination therapy of surgery with rituximab, or treatment with corticosteroids, have been reported to improve renal injury [7, 8] . In the present case, clinical improvement of Castleman's disease after tocilizumab treatment resulted in the reduction of proteinuria and stabilization of renal dysfunction. This raises the possibility that sustained production of circulating IL-6 by hyperplastic lymph nodes is involved in the onset of renal injury in Castleman's disease.
It has been reported that local production of IL-6 by tubular cells is involved in tubulointerstitial injury. In humans, IL-6 was detected in atrophic tubules of diseased kidneys and its expression seen to be correlated with the extent of tubular atrophy [25] . IL-6 was detected in tubular cells and interstitial monocytes/macrophages in the kidney during acute rejection after renal transplantation, while IL-6 staining of tubular cells was scarcely present in control biopsies [26] . Human proximal tubular epithelial cells have been reported to produce IL-6 in response to IL-1 [27] . In the present case, renal biopsy revealed MPGN accompanied by atypical lymphocyte infiltrates in peritubular capillaries and tubular atrophy. Furthermore, immunostaining demonstrated that IL-6 was abundantly expressed by tubular cells and interstitial macrophages. These findings suggest that local IL-6 produced by tubular cells and interstitial macrophages is implicated in renal injury as an exacerbating factor. Three cases of Castleman's disease with renal injury treated with tocilizumab were recently reported by Komaba et al. [28] . Renal histological diagnoses in those cases were membranous nephropathy with renal plasma cell infiltration, interstitial nephritis, and amyloidosis. These patients had proteinuria (1.0-2.6 g/day, 24-h excretion) with normal renal function or mild renal insufficiency (serum creatinine 0.65-1.47 mg/dl). After treatment with tocilizumab, proteinuria was improved with no worsening of renal dysfunction during 6-month follow-up. In the present case, renal dysfunction was more severe (serum creatinine 4.6 mg/dl) when tocilizumab treatment was initiated. Nonetheless, its therapeutic efficacy was apparent. During 3-year follow-up, proteinuria was reduced, and renal dysfunction was stabilized with no adverse effects. Castleman's disease with renal involvement, in which tubulointerstitial inflammation dominates and IL-6 possibly plays a central role, might exhibit a good response to tocilizumab treatment even in the presence of advanced renal dysfunction.
The therapeutic effect on renal injury of a blockade of IL-6 action has been demonstrated using various animal models. Amelioration of renal ischemia-reperfusion injury by inhibition of IL-6 production has been observed in a mouse model of hyperlipidemia [29] . An IL-6 receptor blockade has been shown to attenuate renal injury in apolipoprotein E-deficient mice [30] and prevent cyclosporineinduced nephrotoxicity in mice [31] . In humans, Kato et al. [32] reported the efficacy of tocilizumab against renal dysfunction associated with active rheumatoid arthritis. It is therefore feasible that tocilizumab is a therapeutic option for renal diseases, especially in diseases associated with IL-6 overproduction. Further studies are needed to address this issue.
